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Oblective: 

methods f o r  predicting and correlating the rheological behavior of non- 
Newtonian suspenelons and p o l p e r  solutions. 

is similar in xnany respects t o  the molecular theory of Newtonian f lu ids ,  
is based on determining t b e  fundamental mechanisms governing momentum 
transpont in suspenslona and polymer solutions 5n order t o  relate the  

The objective of t h i a  reeearch program is to develop theoret ical  

Our investigation, whkh 

v iscos i ty  coefficients of these fluids t o  the  characteristic parameters of 
their microstructure. Given values of these parameters, which include the 
size, shape, f l ex ib i l i ty ,  ma86 dis t r ibu t ion  and concentration of the  compo- 
nents of the f lu id ,  one can calculate flow rates, velocity psoft les ,  pressure 

drops and other desAred information about the flow. 
Background: 
which distiaguishee them from Newtonian fluids is the presence of large 
molecules or par t ic les .  These drarstically modify the flow from w h a t  it 
would be were they not there by Wucing long-rauge spatial correlations in 
the fluid velocity f i e l d .  The size, shape, flexibility, and concentration 
of the  pa t t ic lee  deternine the nature and extent of the correlation; e.g., 

t he  correlat ion i a  more extenshe and has a 8horter relaxation t h e  fo r  

rigfl par t ic les  than f o r  f l a k b l e  ones. 
adequate to account for the variety of rheological behavfor observed with 
par t icu la te  fluids, it is ncceasary to consider the dynanlcs of large 
ruolecules in solution or euspensfon and to relate ehc dynmical behavior 
t o  the overal l  flow cft;rracterlstfcs of the materid. 

The eseent5.a~ structural feature of a l l  non-Newtonfan f lugds 
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Thus, in order to develop a theory 

&my inveatigatlons of the s t tuc tu ra l  basis of noa-Newtonian flow 
have been undertaken, but they axe of l imi t ed  use!?ulnes:s because of restrictive 
assumptions made in the analyses, principally tha t  she concentration of 
partid-ea $a small enough that hteractions cen be neglected. The theories 
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BO obtained bear a narked s i m i l a r i t y  ta the  kfnet ic  theory of d i l u t e  gases. 
This ira inst ruct ive because it  points aut the need for a molecular theory 
of  part iculate  f lu ids  eraal~gous to the kinetic theory of sol ids ,  that is, 
a molecular theory of highly concentrated suspensions and polymer solutione. 
One could then blend the  e s e a t i a l  features of both the dilute and concen- 

t ra ted cases, in much the same manner as is done in the k ine t ic  theory of 
dense gases and l iquids,  to obtain a workable theory for the whole range of 
concentrations. 

be =re potent than m e  based on efther one o r  the other. 
are attempting to develop a kine t ic  theory of highly concentrated par t iculate  

fluids . 
Proaress and Results: We are continuiug our investigation of the rheology 
of concentrated suspeneions of r ig id  par t ic les  within the framework of the  
layer model described fn the thesis referenced below. This model is based 
on the fact that the rate of nropnentum transport by interparticle co l l i s ions  
mounts t o  a saalf fraction of actual measured rates. Therefore, it is our 
hypothesis tb t  the predominate effect old collisione $8 t o  establish more 
ox less well-defined layers of par t ic les  wbiithin a flowing syspension. 

presense of these l ayers  presumably increases the actual local velocity 
gradient ia the  f l u i d  layer between the par t i c l e  layers  above the  measured 
l oca l  velocity gradient, which 5s an average over a region large compared 
w i t h  the layer di~nCn8%0n. 

that of the euspendbg f lu id ,  

fluid layers $mreslses when the overall shear rate is increased, approaching 
a ldaniting value asymptoticdly as the shear rate becomes larger and larger.  

Any analysis incorporating the two viewpoints is bound t o  
To t h i s  end we 

The 

This results in a viscos5ty whish is larger  than 
Z t  is our belief that the thickness of the 

Thie behavior is ref lected in a suspension viscos$ty which decreases 
monotonically with shear rate t o  an asymptotic value i n  accord wlth the 
observed bahavior of suapcnsions of rigid part ic les .  We have been examining 
the f ac to r s  which determine the layer spaehg of such a model, a d  have 
f o a d  t pa1 i t a thd .y  tha t  the S P S C ~ G  does increase with sheas rate. We 
are presently carrying out a detai led analysis of the layer mechanism 
which u t i l i z e s  a var ia t iona l  pr3nciple based on the concept of  minimum 
rate of energy dissfpation. 
bow well the aode!, predicts t h s  varfation of wuepension vlescoaity with shcar 
rete and pasti.el.c concentration. 

This w i l l  ellow UG t o  iwcertain pantitatively 
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- Plzns: 
mentioned above, we plan to investigate the c ~ m p a t s b i l i t y  of the results 
of our model with the "power law" form of the momentum eonelitutPve relation 
and with the general Stokesian form obtained from cotrt%nuum mechanics. A e x t  

we plan t o  attempt a detailed statistical mechanical treatment of the particle 

notion i n  flowing suspensions. This w i l l  require the derivation and solution 
of the appropriate form of the Boltzmann equation, which detennines the distri- 
bution function specifying the probability of particular velocity states. 

The Boltzmann equation w i l l  necessarily contain the velocity-dependent drag 

force experienced by a particle a8 i t  moves thvough the viscous suspending 

m e d h a .  
the rheology of  concentrated flexible-particle suspeasions and polymer 

soltat5m in the light of out w r k  on auspcuurione of rigid particles. 

After completing the work on the u t i l i t y  of the variational method 

Beyond t h i s  we plan to examine the physical, st'iuctusal basis  of 
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